INTRODUCTION
In a previous study (2.) , stress has been laid upon the utility of gas dtromatographic glass capillary columns for the evaluation of polynuclear hydrocarbons in cigarette smoke condensate by using both a flame ionization and an electron capture detector. It has been deemed advisable to extend the application of this researdt method to the evaluation of other compounds present in the neutral fraction of cigarette smoke as normal, brandted paraffln hydrocarbons and some unsaturated aliphatic hydrocarbons.
Carruthers and ]ohnstone (4) reported a gas-liquid chromatographic analysis of cigarette smoke wax where the peaks corresponding to the compounds Cso, Cs1 and Css were composed of two unresolved peaks. Alike, one of us (3) had not obtained a good separation of branched paraffins from the normal homologues by using packed columns. Spears and Lassiter (12.), Mold et al. (10) succeeded in identifying by gas chromatography the alkanes and branched alkanes subsequent to their molecular sieve treatment; this process, however, involves two different dtromatographies. These last few works revealed the presence of both iso and anteiso paraffin hydrocarbons in several types of tobacco with anteiso series mainly consisting of homologues with an even nurober of carbon atoms. The analysis of fractions containing different classes of unsatUrated aliphatic hydrocarbons in cigarette smoke ·condensate has been reported by numerous workers (1, 5, 6, 7, &, 9, 11, :1.3 ). This paper describes the conditions used for the evaluation of normal and brandted paraffin hydrocarbons as also the fi.rst investigations on fractions containing unsaturated aliphatic hydro--· carbons.
APPARATUS
Two Fractovaps Carlo Erba, a Model C and a Model D linear temperature programmed, equipped with a flame ionization detector and an electron capture detector were used in this work. The Model D was connected to a Westronics Dualchannel Recorder. The glass capillar)t column 65 m. long and of 0.30 mm. internal diameter was coated with SE 52. (methylphenylsilicone).
The following dtromatographic conditions were used: a) Isotherm : column temperature : 2.90° C, injection temperature : 340° C, carrier gas : nitrogen at an inlet pressure of o.65 atm.; b) Linear programmed temperature : :1.00° C .to 300·° C, rate :1..8° C/min., injection temperature : 340° C, carrier gas : nitrogen at an inlet pressure of o.65 atm.
Sampies of :1. to 4 f.tl were injected as solutions in tetrahydrofuran or hexane with a Hamilton syringe and with a split ratio of 6o ::1..
• 
METHOD
Six hundred non-filter cigarettes were smoked on an automatic smoking machine according to CORESTA standard procedures. The condensate was collected in cooled traps (-8o 0 C) and removed ther:efrom with 6oo ml of ethanol-hexane (2:1) and after 200 ml of water were added. The ~ollowing phases of the procedure are similar to those previously reported in detail (2) . Briefly~ this method consists in purifYing the conceritrated h'exane-extracts .by two chromatographies o,n silica gel (1o0fo H2Ü}, eluting with hexane (1ooo ml) .and with hexane-benzene (500 ml 1 :9 + 500 ml 8 :2) and extracting with 2N sodium hydroxide and perchloric acid 1 :1 after the first chtomatography. The el:uates of. the second chromatography were concentrated to dryness separately and the residues were then dissolved. with 3o ml of. hexane and extracted six times with nitromethane.
The nitromethane solutions were used for the investigations on polynuclear hydrocarbons. Both hexane fractions called fractions 1 and 2. respectively were evaporated to dryness and diluted with tetrahydrofuran. Equal portions of the aforesaid two solutions were united and treated with ethyl alcohol at -5° C. Four crystallizations were carried out with a view to obtaining a very clear parafAn wax. The crystallization residues gave a yellow oil. The paraffin wax and the yellow oil were denominated fraction A and fraction B respectively. All the four fractions were then examined by gas chromatography. All the fractions were later brominated : they were diluted ·in 20 ml of hexane; a 1 Ofo bromine chloroform solution was added in drops up to a slight excess. After a few hours, the' exceeding bromine was eliminated by extracting the hexane solution with thiosulphate o,1;N. Tlie solutions were then washed with water and after drying over the sodium sulphate, evaporated to dryness in vacuum and diluted to o.2 ml with tetrahydrofuran. · I RESULTS AND DISCUSSION Figures 1 and 2 show the chromatograms of a Standardmixture of n-alkanes in isotherm at 290° c and in linear programmed temperature from ioo° C to 300° C then continuing in isotherm. A temperature of 290° C in isotherm was selected in ordet to emphasize the peaks corresponding to hydrocarbons with a·high number of carbon atoms. · Figures :; and 4 show the chromatograms of the fraction A of cigarette smoke condensate containing the normal and branched paraffin hydrocarbons. In this connection, it is noted that; by using capillary columns, a good separation of the branched parafAns (marked b) from the normal paraffins is obtained with no resort to the previous treatment with molecular sieves. Our analysis reveal the presence of normal paraffins starting from C2i, although those corresponding to C21, C22, C2s and C24 are present in small quantities, and of branched parafAns starting from C23 with the prevalence of normal series for the compounds with odd numbers of carbon atoms and of branched series for the compounds with even numbers of carbon atoms. The presence was also noted in this fraction, though in small quantities (attenuation 1 X 2) of .other compounds with a number of carbon atoms higher than C34. They do not give any response to the electron capture detector and do n,ot disappear after bromuration, which means that they are unsaturated hydrocarbons. Their retention indices correspond to the compounds up to ~1· It seems that, starting from C34, for some of these compounds three peaks are obtained, that 1s, two branched paraffins and the normal one, but, under these operational conditions, no indication is possible by gas chromatography to distinguish the iso series versus the anteiso series. Most of these compounds, after C34, are eluted in the fraction 2 (Fig. 7) . Figures 6 and 7 show the chroma~ograms of the fraction 1 and fraction 2 respectively, before the crystallization phase. In these analyses a ßame ionization detector and an electron capture detector were used. Besides the normal and branched 'paraffins, some unsaturated compounds are· present in these fractions; in effect, many peaks disappear. after bromu.ration. Most of these com:pounds are present in the fraction B too.
The .chromatogram of the fraction 2 (Fig. 7) shows many components sensible to the electron capture detector. The same thing occurs, though in a different way, in the chromatogram of the fraction B (Fig. 5) . Therefore; the fractions examined contain some compounds sensible to electron capture which, in our opinion, might not always .be identified with unsaturated hydrocarbons, considering that the most part of the latter show a slight response to the above detector.
The presence of the unsaturated hydroearbons was better emphasized by the disappearance of many peaks after bromuration. '
In effect, in the fraction A (Figures 3 and 4) no peak disappears after the bromine treatment. On the contrary, after brominating the oU fraction (Fig. 5) many peaks disappear the main ones of which correspond to retention temperatures of 151°, 163°, 170°, 172°, 215°, 216°, 252°, 254°, 263°, 265°, 268°, 270° C. Among these components, neophytadiene and squalene were identified.
In the fraction 1 too (Fig. 6} , the disappearance of soine peaks is noted, chiefly those corresponding to neophytadiene and squalene.
In the fraction 2 (Fig. 7) , the disappearing peaks, because of the addition of bromine to the double bonds, are more than 50°/o.
·
The analyses of the fraction B, 1 and 2, with the electron capture detector, after the bromine treatment, were not taken into consideration for the high nurober of peaks 1 due to the impurities and the small molecules, probably Pl'Oduced by the .double bond breaking which may occur, though to a small extent, during the reaction with bromine. All . these · impurities containing a halogen atom, become extremely sensible to · the electron capture detector, whUe they are not evidenced by the hydrogen flame detector.
The fraction A, also after bromuration, did not give, as it was foreseen, any response to the electron capture detector.
CONCLUSIONS
Owirig to . the high efficiency of glass capillary columns, both normal and branched paraffin hydrocarbons present in cigarette smoke condensate can, at the same time, be identified and determined by gas chromatography.
According to the results of the first analyses carried out on fractions containing unsaturated hydrocarbons, the above capillary columns can be considered as a useful and efficient tool to examine cigarette smoke components together with other techniques such as the infrared spectrometry and mass spectrometry.
SUMMARY
Gas: chromatographic analyses of normal and branched paraffin hydrocarbons of cigarette smoke condensate · were performed with SE 52 coated glass capillary columns using a flame ionization detector and working in isotherm temperature and in linear programmed temperature. This investigation was extended to fractions containing unsaturated aliphatic hydrocarbons, by using in this case both an electron capture detector and a flame ionization detector. Some du-omatograms are reported. Gas duomatogram of a sample of cigarette smoke condensate, fraction 1 Linear pragrammed Iamperature 11J01-3001 C, rate 1.11" C/min. aj Flaine ianization detector b Eiedran capture detector Oashed line: chromatagram after bromuration FIGURE 7
ZUSAMMENFASSUNG
Gas eilro-tagram of a sample of cigarette smoke condensate, fraction 2 Linear pragrammed Iamperature 11J01-3001 C, rate 1.11" C/min. a! Flame ionizotion detector b Electron copture detector Dashed line: chromatagrom ofter bromurotion
